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AHHOTaiJHil 

Ha ocHOBe rnnoTe3bi 06 SKBHBajieHTHOCTH MarHHTHoro 3apH,na rpaBHTainiOHHoii Mac- 
ce c Hcnojit30BaHiieM hhbojiiothbhoh ajire6pbi 6HKBaTepmiOHOB h B3aiiMHbix KBaTepHH- 
ohhbix rpa^iieHTOB pa3pa6oTaHa MaTeMaTHHecKan Mo^ejiB sjieKTpo-rpaBHMarHHTHoro 
nojia. C BBefleHneM 6nKBaTepHHOHOB HanpHaceHHOCTH A-nojia, 3apafla-TOKa, moihhocth- 

CHJIBI nOCTpOeHBI ypaBHeHHH B3aHMO,I];eHCTBHH pa3JIHHHBIX 3apHflOB-TOKOB H Ha HX OC- 
HOBe aHajiorn Tpex 3aKOHOB HbioTOHa rjir CBo6o,i];Hbix, B3anMO,i];eHCTByiomHx nojien h 
cyMMapHoro (e^HHoro) nojra BsaHMO^encTBHH. IlojiyHeHBi 3aKOHBi npeo6pa30BaHHH h 
coxpaHeHHH SHeprHH npn B3aHMOfleficTBHH nojieft. 

/Ljih o^hoh MaTeiviaTHHecKOH MO^ejin sjieKTpo-rpaBHMarHHTHoro (9rM) nojia [1], pa3BH- 
BaeTCfl KBaTepHHOHHbiH noflxofl fljia nocTpoeHHH ypaBHeHHH B3aHMO^,eHCTBHH 3rM-nojieH, 
nopo>K^i,aeMbix pa3JiHHHbiMH 3apsmaMn h tok^mh. J\nn nocTpoeHHH MO^ejiH nojin Hcnojib30- 
Bajiacb raMHjibTOHOBa (popivia CHMMeTpii30BaHHbix ypaBHeHHH MaKCBejuia [2], KOTopan no3- 
BOJiaeT jierKO nepeftTH k KBaTepHHOHHofi 3anncH sthx ypaBHeHHH h 3aKOHOB coxpaHeHHH [3]. 
KoMnjieKCHcpHKan^HH sjieKTpoiviarHHTHoro noun c BBe^eHHeM b ypaBHeHHH hjiothocth Maccbi 
HaMH Ha3BaHa A-nojieM. 

3^ecb, Ha ocHOBe npe^JiOHceHHoii b [1] rnnoTe3bi 06 SKBHBajieHTHOCTH MarHHTHoro 3apn- 
^a Macce, pa3pa6oTaHa 6HKBaTepHHOHHan Mo^ejib A-nojin. C BBe^eHHeivi GnKBaTepHHOHOB 
HanpajKeHHOCTH A-nojia, 3apH,n;a-TOKa, MOiHHOCTH-CHJibi nojiefi h B3anMHbix KOMnjieKCHbix 

rpaflHeHTOB nOCTpOeHBI ypaBHeHHH B3aHMO,H;eHCTBHH pa3JIHHHMX 3apHflOB-TOKOB H Ha HX OC- 
HOBe aHajiorn Tpex 3aKOHOB HbioTOHa ^jih cboSoahmx, B3aHMOfleHCTByiOHi;Hx 3apHflOB-TOKOB 
h cyMMapHoro (e^HHoro) nojin B3aHMO^eHCTBHH. ilojiyneHbi 3aKOHbi npeo6pa30BaHHH h co- 
xpaHeHHH SHeprHH npH HX B3aHMO,I],eHCTBHH. 

SaivieTHM, hto 6HKBaTepHHOHHan 3anncb CHCTeMbi ypaBHeHHii MaKCBejuia paHee ncnojib- 
30Bajiacb pn^OM aBTopoB fljiH H3yneHHH ee penieHHii h reoivieTpHH npocTpaHCTBa-BpeivieHH 
(cm., HanpHMep,[4,5,6]). 3,n;ecb ,h;jih nocTpoeHHH ypaBHeHHH B3aHMO^eiicTBHH nojiefi npnivie- 
HHeM accon,HaTHBHyio ajireSpy GnKBaTepHHOHOB c HHBOJiioixHeH h KOMnjieKCHbie rpa^neHTbi, 
KOTopbie HecKOJibKO OTjiHnaiOTCH ot paHee npe^jiojKeHHbix. 
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1. TaMnjibTOHOBa cpopivia ypaBHeHHH MaKCBejijia. CiiMMeTpH30BaHHi>ie ypaBHeHHH 
MaKCBejuia jj;jih A-nojia mojkho 3anncaTb b BH^e oflHoro BeKTopHoro h ojihoto CKajiapHoro 
ypaBHeHna. 3,n;ecb 3anHineM npe^CTaBJieHHbie b [2] cooTHomeHiia b npocTpaHCTBe Mhhkob- 
CKoro R 1+3 = {(t,x) = (ct, Xx,X2, £3)} : 

d T A + irotA + J = 0, (1) 

p = divA = p E /y/e-ip H /^Jl, (2) 
r,a,e A - KOMnjieKCHbiH BeKTop Hanpa>KeHHOCTH ; 

A = A E + iA H = y/eE + iy/JiH, (3) 

E,H - Hanpa>KeHHOCTn sjieKTpHnecKoro h rpaBHMarHHTHoro nojia, e, p- KOHCTaHTbi, xa- 
paKTepH3yK)in;He sjieKTpHnecKyio h MarHHTHyio npoBOJTHMOCTb h npoHHHaeMOCTb cpejjbi, c = 
l/ v /£/I- CKopocTb 3rM-BOJiH. J - tok onpeflejiaeTca nepe3 sjieRTpiinecKiie h MarHHTHbie to- 
kh (popMyjioii: 

J = y/jij B -i>/ij H , (4) 
a p- KOMnjieKCHbiH 3apa^ A-nojia - Bbipa>KaeTca nepe3 sjieKTpHiecKHH h MarHHTHbift 3apaflbi: 

p E = e div E, p H = —p div H. (5) 

3aMenaHue. Ecjih bbccth j^eiicTBHTejibHbiH BeKTop ckopocth V 3apa^0B h CHHTaTb, hto 
j E = p E V, j H = p H V , to jierKO BHfleTb, hto 

J = pV, (6) 

r^e V = V/c - 6e3pa3MepHaa CKopocTb. OjjfiaKO, npe^CTaBJieHne (J6j) He Bcerjja bo3mojkho. 
Hanpniviep ypaBHeHna flonycKaiOT BHxpeBbie tokh (div J = 0) , fljia KOTopbix p = . Ecjih 
npe^CTaBHTb tokh b BH^,e cyMMbi noTeHiniajibHOH h BHxpeBoii cocTaBjiaiomeH: J = J p + J t , 
Torjja (popMyjibi pjin noTeHHHajibHOH cocTaBjisiioiHeH sjieKrpHHecKHx h MaccoBbix 3apa^OB: 
jp = p E V, jp = p V j - MoryT cjiy>KHTb jj,jih onpe^ejieHHa hx ckopocth. OijHaKO sth 
(popMyjibi nocTyjinpyiOT napajuiejibHOCTb jjBHJKeHHH MaccoBbix h sjieKTpHnecKHx 3apajj;oB h 
paBeHCTBO hx CKopocTefi, hto H3 ypaBHeHHH MaKCBejuia, BOoSme roBopa, He cjie/ryeT. IIo- 
BTOMy (popiviyjiy (J6|) cjie^yeT BoenpHHHMaTb KaK SMnnpHHecKyio jijih noTeHHHajibHbix tokob 
( rotJ = 0). 

3Heprna A-nojia W h BeKTop IIoHHTHHra P npn TaKOH 3anncH onpe^ejiaiOTca cpopMy- 
jiaMH^ W = 0, 5 (e \\E\\ 2 + p \\H\\ 2 ) = 0, 5 || A\\ 2 = 0, 5(A, A) , P = c~ l E x H = 0,5i [A, A] , 
r/ie A = -y/eE 1 — iyfpH - KOMnjieKCHO-conpa>KeHHoe A. 3/iecb BCiojxy (a, 6), [a, 6] = a x 6 - 
CKajiapHoe h BeKTopHoe npoH3BefleHHa a h 6 . 

IlocKOJibKy KBa^paT pa3MepHOCTH A-nojia paBeH hjiothocth SHeprnn, ero mojkho Ha3BaTb 
anepsemuHecKUM. 

B ypaBHeHHHx MaKCBejuia p H = , t.k. CHHTaeTca, hto MarHHTHbix 3apajj;oB b npnpojxe 
HeT. B [1] npeflJio>KeHa rnnoTesa: nAorrmocmb p H stzeueaAewmna nAomnocmu zpaeumav^uoH- 
hou Maccu. Ecjih ee npHHaTb, to nojiynaeM, KaK noKa>KeM ^ajiee, BnojiHe npaB^onojj,o6Hbie 
cjie^CTBHa. 
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H3 Hee cjie^yeT, hto noTeHHiiajibHaa nacTb BeKTopa H onncbiBaeT rpaBHTaHHOHHoe none, 
a BHxpeBaa - MarHHTHoe, nosTOMy H -nojie - sto rpaBHMarHHTHoe nojie. Cjie^OBaTejibHO, A- 
nojie aBJiaeTca aneKmpo-zpaeuMazHumHUM. 

Byn;eM Ha3biBaTb j H zpaeuMazHumuuM tokom. Ilpn p H = bto hhcto MasHumnue 
tokh, npii noTeHn,HajibHOM H tokh Maccoeue. /Jajiee noKa>KeM, hto 9Ta rHnoTe3a HMeGT 
TeopeTH^ecKHe no^,TBep>K^i,eHHH, npHBOflannie k BecbMa npaB^ono^oSHbiM cjig^ctbhhm . 

ripHBe^eM 3^ecb TaKJKe HeKOTopbie yTBepjK^eHHH ^jia A-nana, ^OKa3aHHbie b [2], KOTopbie 
no3BOJiaiOT o6ocHOBaTb Jiajiee KBaTepHHOHHbifi nojaxofl k nocTpoeHHio ypaBHeHiifl A-nojiefi h 

HX B3aHM0fleHCTBHH. 

TeopeMal.l. IIpu 3adauHux moKax u 3apndax pemenue (QJj HejinemcH pemenueM 
eoAHoeoso ypaeneHUH: □ A = (d^ — A) A = irot J — gradp — d T J, 

u ydoeAemeopttem 3anoHaM coxpanenuM 3apnda u anepzuu: d T p + div J = , d T W + div P = 
(j H H-j E E)/c. 

H3 TeopeMbi 1.1 cjie^yiOT HHTerpajibHbie cooTHOineHHa, KOTopbie JierKO nojiyHHTb, hc- 
nojib3ya TeopeMbi OcTporpa^CKoro-raycca h CTOKca. 

IlycTb D~ o6jiacTb b R 3 , orpaHiineHHaa 3aMKHyTOH jianyHOBCKoii noBepxHOCTbio D c 
e^HHHHHOH BHeniHefi Hopiviajibio n(x) , S - noBepxHOCTb c KpaeM, onHpaiomaHca Ha KOHTyp 
I, ej- e^HHHHHbiH KacaTejibHbifi BeKTop k I, dV(x) = dx\dx2dx^,dD{x),dS{x) - ,rii(p(pe- 
peHiniajibi njioma^H cooTBeTCTByioiixHx noBepxHOCTefi, dl - ^HCpcpepeHiniaji ^jihhbi ^yrn Ha 
I. 

T e o p e m a 1.2. Pemenue ypaeneHuu (QP - $E) ydoejiemeopHtom CAedytom,UM 3aKonaM 
coxpaneHUfi: 

J {p(x, t) - p(x, 0)}dV(ar) + J dr J (n, J) dS(x) = 0, 

D~ D 

J (W(x, r) - W(x, 0)) dV(x) + j dr J (n, P) dD(x) = 

D~ D 

= Jdt J {j H H-j E E)dV{x) ] 

D~ 

J (A(x, r) - A(x, 0), n)dS(x) + ijdrJ(A, e t )dl + j dr J (J, n) dS(x) = 0, 
S l s 

J (A(x,r)-A(x,0))dV(x)+ijdTj[n,A}dD(x) + jdT J J(x,r)dV = 0. 

D~ D D~ 

ydapnue bojihu. 3th TeopeMbi cnpaBe^jiHBbi TaKace h ^jih ynapHbix bojih co CKaaKOM 
HanpajKeHHOCTH nana Ha cppoHTax, KOTopbie hbjihiotch o6o6m;eHHbiMH penieHHHMH ypaBHe- 
hhh MaKCBejuia. KaK noKa3aHO b [2], Ha cppoHTax y^apHbix bojih BbinojiHaiOTca cjie^yiomne 

yCJIOBHfl Ha CKaHKH! 

[A] Ft +i[A] Ft xm = 0, (7) 
hjih, fljia CKanKOB Hanpa>KeHHOCTeH: 

\E] Ft = ^ [H] Ft xm, y/fi [H] Ft = -^ [E] Ft x m. (8) 

3^ecb m bojihoboh BeKTop - TpexMepHbiii e^HHHHHbin BeKTop - onpe^ejieH Ha (ppoHTe y^ap- 
hoh BOJiHbi F t , HanpaBjieH b CTopoHy ero ^BH>KeHHa b R 3 co CKopocTbio c . 
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H3 9thx cooTHOineHHH cnejjyeT, hto ,m) = 0, ([H] Ft ,m) = , T.e. y/iapHbie bojihm 

A-nojia aBJiaiOTca nonepeunuMU. 
H3 ((HI) TaKJKe cjie^yiOT paBeHCTBa: 

[p] Fr = (m, [J] Ft ) , [W(x,t)] Ft = (m, [P]) Ft . (9) 

Cjie^OBaTejibHO, CKanoK BeKTopa IloHHTHHra onpe^ejiaeT KaK HanpaBjieHne pacnpocTpaHe- 
hh8 y^apHoii BOJiHbi, Tax h BejiHHHHy nepeHOCHMOH eio SHGpriiii. Tax, ecjin nepe^, (ppoHTOM 
bojihm A = , to m = P/ \\P\\ (\\P\\ = a/ P~i + P% + -P|) , a 3HaneHHa Ha cppoHTe CBa3aHbi 

COOTHOHieHH5IMH: 

W\ Ft = \\P\\F t , p\F t = {m, J)\ Ft . 
3aivieTHM, hto Bee cooTHOineHHa A-nojia (a He /iJia E h H ) He co/xepjKaT KOHCTaHT 

Cpe^bl, B HaCTHOCTH, CKOpOCTb BJieKTpOMarHHTHblX BOJIH, KOTOpaa BO BBe^eHHOH CHCTeMe 

Koop^HHaT 6e3pa3MepHa h paBHa 1. 

B [3] BBe^eHO HOBoe npe^CTaBjieHHe A-nojia, KOTopoe KpaTKO onHineM b n.2. 

2. BHKBaTepHHOHM A-nojia. BBe/xeM cpyHKHHOHajibHoe npocTpaHCTBO SnKBaTepHHO- 
hob. 3to npocTpaHCTBO KOMnjieKCHbix KBaTepHHOHOB; K(R 1+3 ) = {F = f(x,r) + F(x,t)} , 
r,a,e / - KOMnjieKCH03HaHHbie cpyHKinin (/ = fi +1/2) , a F - TpexMepHaa BeKTop-cpyHKinia 
c KOMnjieKCHbiMH KOMnoHeHTaMH (F = F\ + iF2) , f h F - jiOKajibHO HHTerpnpyeMbi h 
^HCpcpepeHinipyeMbi Ha M. IlpocTpaHCTBO K - accoipiaTHBHaa ajireSpa co cjioxceHneM BH^a: 
F + G = (/ + g) + (F + G) , h onepaHHen KBaTepHHOHHoro yMHOJKeHHa " o ": 

F o G = (/ + F) o (g + G) = (fg - (F, G)) + (fG + gF + [F, G]). (10) 

3^ecb (F,G) = (F1G1 — F2G2) + i(F\Gi + F 2 Gi) . KBa,a,paTHbie ckoSkh cooTBeTCTByioT 

06bIHH0My BeKTOpHOMy yMHOJKeHHK). 

BnKBaTepHHOH F* = / — F , r^e nepTa o6o3HanaeT cooTBeTCTByiOBiHe KOMnoHeHTaM 
KOMnjieKCHO-conpajKeHHbie nncjia, Ha3biBaeTca conp&otceHHUM. Ecjih F* = F , SnKBaTepHHOH 
yHumapHuu. TaKOBbiMH aBJiaiOTca 6nKBaTepHHOHbi BHJja f\ + iF 2 h tojibko ohh. 

JlerKO npoBepaeTca acconHaTHBHOCTb h CBoiicTBa hhbojiiothbhoh ajireSpbi: 
(aA)* = «A*, (A + B)* = A* + B*, (A o B)* = B* o A*, (A)** = A* . 

^ajiee Hcnojib3yeM ^HCpcpepeHHiiajibHbie onepaTopbi - B3anMHbie KOMnjieKCHbie rpa/iHeH- 

tm: 

B + = 8 T + tV, D~ = <9 r -zV, (11) 

rjj;e onepaTop TaMnjibTOHa V = grad = (81,82,83) . SaMeTHM, hto b CMbicjie Bbinie ^aH- 
hmx onpe/xejieHHii KajK/ibiH H3 hhx mojkho Ha3BaTb ynumapHUM onepamopoM: (D - )* = 
D~, (D + )* = D + . Hx ^eiicTBHe Ha K onpe^ejieHO KaK b ajire6pe GnKBaTepHHOHOB: 

D+F = (8 T + iV) o (/ + F) = (8 T f - % (V, F) + 8 T F + iV f + i[V, F], 

D"F = (8 T - iV) o (/ + F) = {8 T f + % div F) + 8 T F - igrad f-irot F. 

Bojihoboh onepaTop npe^CTaBHM b BH^e: □ = D~ o D + = D + o D~ . 

BBe^eM SnKBaTepHHOHbi A-nojia: noTeHH,Haji $ = i(p — ^ , Hanpa>KeHHOCTb A = + A , 
njiOTHOCTb BHeprHH-HMnyjibca 3 = W + iP , njioraocTb 3apa^a-TOKa @ = ip + J . 
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BepHbi cjiejjyioiHHe cooTHOineHHa: 

S = 0, 5 A* o A = 0, 5 (A, A) - 0, 5 [A, A] 

D"$ = (d T -iV)(i(f) - = i(d T (p - div^) + irot^ - d T ^ + gradcfi 

r^,e A* = — A - conpajKeHHbiii KBaTepHHOH. 

Ecjih noTeHiniaji yopBjieTBopaeT jiopeHHeBoii KajinSpoBKe: d T <p — div \1/ = 0, to 

A = grad — d T ^f + i rot D + A = -(ip+J). (12) 

OTKyjja cjiejjyeT 

= -0 =>. □</> = -p, = J, 
D D A = -i(<9 T p + diu J) - Vp - <9 T J + i rot J = + OA (13) 

H3 ([TBI . cpaBHHBaa KBaTepHHOHbi, cjiejjyeT 3aKOH coxpaHemia 3apa,n;a h BOJiHOBoe ypaBHeHne 
fljia A-nana (cm. Teopeivia 1.1). 

BTopaa (popiviyjia (fT2l - bto ciiMMeTpii30BaHHbie ypaBHeHiia MaKCBejuia, KOTopbie (paK- 
TimecKii onpe^ejiaiOT 3apa,a,bi-TOKii KaK KOMnjieKCHbifl rpa^iieHT A-nojia. 

OTCio^a cjie^yeT, mo npocTO nocjieflOBaTejibHoe (TpoiiHoe) B3aTiie KOMnjieKCHbix rpa- 
flneHTOB ot noTeHHiiajia A-nojia (c jiopeHneBoft Kajin6poBKoii) , onpe^ejiaeT KBaTepHHOHbi, 
cooTBeTCTByiomiie HanpajKeimocTH nojia, 3apa^aM h TOKaM, 3aKOHy coxpaHeHiia 3apa,n;a h 
BOJiHOBOMy ypaBHeHHio fljia BeKTopa A. CKajiapHaa aacTb KOMnjieKCHoro rpajjaeHTa KBaTep- 
HHOHa BHepraa-HMnyjibca A-nojia ,a,aeT 3aKOH coxpaHeHiia SHepraiii [2]. 

HTaK 3apndu u monu - amo npocmo $u3imecKoe npone/ieHue KOMiuieKCHOzo spaduenma 
HanpsicHceHHOcmu A-uojih. 

SaivieTHM, hto no^o6Hbie 3aKOHOMepHOCTH jjpjuKHbi Ha6jiioflaTbca fljia jiio6oro BeKTopHO- 
ro nojia c ojjhoh CKopocTbio pacnpocTpaHeHiia B03MyineHHH, TOJibKO (pii3iiaecKoe npoaBJieime 
KOMnjieKCHbix rpa^aeHTOB ot KBaTepHiiOHOB SToro nojia 6yii,eT iimctb /ipyryio npiipo^y. Cjie- 
flyeT ee TOJibKO Haxo,zniTb. 

3. MoiIJ,HOCTb H njIOTHOCTb oSteMHMX CHJI. TpeTHH 3aKOH HbKJTOHa. PaCCMOT- 

Phm /iBa nojia A h A' , 0,0' - cooTBeTCTByioiinie iim (iijiii nopoa^aiomiie iix) 3apa,a,bi- 
tokh. Ha30BeM SaKBaTepHiioH 

F = M-tF = -@oA' = -(ip + J) o A = (A, J) - ipA + [A, J] (14) 

njiOTHOCTbio MovuHocmu- cuau, fleftcTByiomeH co ctopohm nojia A Ha 3apajibi h tokh nojia 
A . ^encTBHTejibHO, c yneTOM ([3]), (111), CKajiapHaa aacTb HMeeT bhjj; hjiothocth moiuhocth 

^eHCTByiOHl,HX chji: 

M = (A, J) = c-\(E',f) + (H\j H )) + i((B'J E ) - (D',j H )) (15) 

Bbm&Jiaa ^encTBHTejibHyio h MHHMyio nacTH bcktophoh cocTaBjiaiomeH 6iiKBaTepHHOHa, no- 
jiyaiiM BbipajKeHHH jj;jia iijiothocth o6T.eMHbix chji (F = F H + i F E ^j : 

Re F = p E E' + p H H' + f xB'- f x D' = F H (16) 
ImF = (p E B' - p H D') + c~ l (E' x f + H' x f) = F E (17) 
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3^ecb B = nH - aHajior BeKTopa MarHHTHOH HHjryKHHH (b BiixpeBoii nacTH coBna/iaeT c 
hhm), D = eE -BeKTop sjieKTpHHecKoro CMemeHHH. 

Hanpa>KeHHOCTb rpaBHTainiOHHoro nojia onncbiBaeTca noTeHiniajibHOH nacTbio BeKTopa 
H , a poTopHaa nacTb SToro BeKTopa onncMBaeT MarHHTHoe nojie. Tor^a CKajiapHaa nacTb 
0, 0' co^,ep>KHT njiOTHOCTH sjieKTpHnecKoro 3apa^a h Maccbi, a BeKTopHaa - hjiothocth 

SJIGKTpHHGCKOrO TOKa H TOKa MaCCbl (KOJIHHeCTBO ^BHJKeHHH MaCCbl). 

Hcxo/ih H3 3thx npe^nojiojKeHHH, b ypaBHeHHH (fl~6l) ctoht H3BecTHbie MaccoBbie chjim, 
nocjieflOBaTejibHo: KyjiOHOBCKaa cnjia, rpaBHTaHHOHHaa cnjia, cnjia JIopeHHa h HOBaa D' x 
j , KOTopyio Ha30BeM ajieKmpoMaccoeou. B ^eiicTBHTejibHOH aac™ moihhocth ( j 1 5[ ) ctoht 

MOIHHOCTb KyjIOHOBCKHX, rpaBHTaHHOHHMX H MarHHTHblX CHJI. MoiHHOCTb 3JieKTpOMaCCOBOH 

chjim b fleiiCTBHTejibHyio aacTb ( 115r > He bxo^ht, t.k. OHa He pa6oTaeT Ha nepeMemeHHax 
Maccbi, nocKOJibKy nepneH/THKyjiapHa ee ckopocth. HHTepecHO, hto moihhoctb chjim JIopeHHa 
b fleiicTBHTejibHyio aacTb (fT5l) TaKJKe He bxojj;ht, hto CBH/xeTejibCTByeT b nojib3y Toro, hto 3Ta 
cnjia nepneH^HKyjiapHa ckopocth Maccbi, xoth Henocpe^CTBeHHO H3 ypaBHeHHH MaKCBejuia 
3to He cjie^yeT. 

EcTecTBeHHO, no aHajiornn, npejj,nojioa<:HTb, hto ypaBHeHHa rtl7h onncbiBaiOT chjibi, bm- 
3biBaiOHi;He H3MeHeHHe BJieKTpnaecKHx tokob (sjieKTpnaecKHe chjim), a b mhhmoh aacTH (fl"5l) 

CT03T COOTBeTCTByiOIH;He HM MOIHHOCTH. 

B CHJiy TpeTbero 3aKOHa HbiOTOHa o fleiicTByiOHnix h npoTHBOfleiicTByiOHnix cnjiax, npeji- 
nojioJKHM, hto jijih (1141) h ( 1151) ^ojijkho BbinojiHHTbca: F' = — F . Cjie^OBaTejiBHO, stot 3aKOH 
fljia B3aHMO^,eHCTByiOHi,Hx nojieii (3apajj,OB h tokob) HMeeT cjiejj,yiOHi,HH bh,zl 
3anoH o deucmeuu u npomueodeucmeuu nojieu: 

o A' = -0'o A. 

HHTepecHO, hto b CKajiapHOH aacTH oh Tpe6yeT paBeHCTBa njiOTHOCTen MomHOCTeH cootbct- 
CTByiOHnix chji, ^eiiCTByiOHnix Ha 3apa/XM h tokh /rpyroro nojia, T.e. nojj;o6eH H3BecTHOMy b 
MexaHHKe cnjioniHbix cpe^CTB TOJKjj;ecTBy B3anMHOCTH BeTTH, KOTopoe o6mhho 3anHCMBaeTca 
^;jia pa6oTM chji . 

4. BTopoii 33.KOH HbiOTOHa n ypaBHeHHa B3aHMOfleficTBHa. nojie 3apajj;oB h tokob 
MeHaeTca nojj; B03ixeHCTBHeM nojia /rpyrnx 3apajj;oB h tokob. HanpaBJieHne HaH6ojiee HHTeH- 
CHBHoro H3MeHeHHH nojia onncbiBaeT ero rpajrneHT. IIo aHajiornn, H3MeHeHHe 6HKBaTepHHOHa 
3apa^a-TOKa nponcxo^HT HanSojiee hhtchchbho b M HanpaBjieHHH M ero KOMnjieKCHoro rpajj,H- 
eHTa. EcTecTBeHHO npe^nojioacHTb, hto sto H3MeHeHne jj,oji>kho npoHCxojj,HTb b "HanpaBjie- 
hhh " SiiKBaTepHiiOHa moihhocth-chjim co CTopoHM BToporo nojia Ha nepBoe. BiosTOMy 3aKOH 
H3MeHeHHH 3apHiia-TOKa nojia nojj; JxeiiCTBHeM /rpyroro, hojj;o6hmh BTopoiviy 3aKOHy HbiOTOHa, 
npejjjio>KHM b BHfle cjiejryioiHHx ypaBHemiH. 

ypaenenuH 63auModeucmeuH 3apadoe-moKoe: 

kB = F = -0oA', kD 0' = -0'oA, (18) 

0oA' = -0'oA, (19) 

D+A + = O, D + A' + / = O. (20) 

3^ecb ypaBHeHHH ( j 1 3h cooTBeTCTByiOT BTopoMy 3aKOHy HbiOTOHa, 3anncaHHOMy jxjih 3apajj,OB- 
tokob Ka>Kjj,oro H3 B3aHMO^eHCTByioiii;Hx nojieii, a (1191) - TpeTbeMy. BiviecTe c ypaBHeHHHMH 
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MaKCBejuia fljia sthx nojieii (l20l) ohh ^aiOT 3aMKHyTyio CHCTeMy HejiHHeimbix ,n;H(p(pepeHHH- 
ajibHbix ypaBHeHHH ^Jia hx onpe^ejieHna. BBe^eHne KOHCTaHTbi B3anMOfleHCTBHa k CBH3aHO 

C pa3MepHOCTbK). 

PacKpbiBaa CKajiapHyio h BeKTopHyio nacTb (fT8l) . 3annnieM 
ypaenenuM mpanc^opMai^uu 3apHdoe-moKoe A-uoam : 

iK(d T p + divJ) = M, (21) 

i k [d T J — i rot J + Vp) = F. (22) 

H3 (l2TI) . c yneTOM 3aKOHa coxpaHeHHH 3apafla, cjie^yeT, hto npn B3anMO^eHCTBHH nojieft 
M = 0. OTCio^a, c yaeTOM (fT5l) nojiyHHM 

(£', f) + (tf = 0, (B>, f) - (D', f) = 

3th flBa cooTHOineHiia mojkho npoBepnTb BKcnepnivieHTajibHO. 

IlpaBaa nacTb ypaBHeHHH (l22l cooTBeTCTByeT, KaK mm o6cyjK^ajiH b n.3, cnjie. C yneTOM 
(fT6l ). ( fT7l) h (EJ, ([3]), ((H) , 3th ypaBHeHHH HMeiOT cjie^yiomHH bh^,. 

Ahciaos emoposo 3aK<ma Hbtomona 3am 3apHdoe-moKoe: 

k (p~°> 5 gradp H + yfed T j H + y/protj E ) = 

= p E E' + p H H' + j E xB'- j H x D', (23) 

k (e~°' 5 gradp E + ^fpd T ] E - y/erotj H ) = 

= c (p E B' - p H D') + cT 1 (E* x f + H'x j H ) . (24) 

AHajioroM KOJinnecTBa flBHJKeHHH Maccbi 3^ecb b (l23l HBJiaeTca Kyfsj H . YpaBHeHne (1241) 
onncbiBaeT B03flencTBHe BHeniHero nana Ha BJieKTpHnecKHe tokh, ero aHajior aBTopy Hen3- 
BecTeH. 

Ecjih oflHO nojie HaMHoro cnjibHee BToporo, HanpHMep, ecjin W » W , to mohcho 
H3MeHeHneM BToporo nojia no,a, B03,a,eHCTBHeM 3apaflOB h tokob nepBoro npeHeSpenb. B stom 
cjiynae nojiynaeM 3aMKHyTyio CHCTeMy ypaBHeHHH rjisi onpe^ejieHHH ,o,BH>KeHHfl 3apH,a,OB h 
tokob nepBoro nana no^ B03,neHCTBHeM 3apa,n;0B h tokob BToporo 

kD"0 = -0oA', (25) 

r^e A' H3BecTHO. CooTBeTCTByiomee hm A-nojie onpe^ejiaeTCH ypaBHeHHHMH MaKCBejuia 

pi). 

3aMeHanue. 3flecb otmcthm pa3JiHHHe npn nocTpoeHHH 3aMKHyTOH CHCTeMbi ypaBHeHHH 
fljia onpeflejieHHH flBHxeHHa 3apH,a,OB h tokob b cpaBHeHHH c MO^ejibio, npe,a,Jio>KeHHOH b 
[1], CBJoaHHoe c TeM, hto nojie 3apa,n;oB h tokob reHepnpyeT chjim, B03,n;eHCTByioiii;He Ha 
dpysue 3apaflbi h tokh, a He Ha caivinx ce6a. IIosTOMy b [1] b cooTBeTCTByioiHeH CHCTeMe 
b KanecTBe HanpajKeHHii cjie^OBajio 6paTb HanpajKeHne B03,n;eHCTByioiii;ero nojia. B stom 
cjiynae npaBbie nacTH ypaBHeHHH o6enx chctcm coBna^aiOT. 3anncb jieBoii Hacra CHCTeMbi b 
[1] mojkho paccMaTpHBaTb jiHHib KaK nepBoe npnSjiHJKeHHe. 
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Ecjih npoiiHTerpiipoBaTb cooTHomeHne |[22l) no cpnKcnpoBaHHOMy oSteiviy: 
d T J n^ej H dV{x) + J k(/i-°' 5 gradp H + Jprotf) dV(x) = 



D~ D~ 



J (p E E' + p H H' + f x B' - f x D') dV(x) 



D- 

to nojiynnM (popMyjiy n3MeHeHna KOJinnecTBa ^,BH>KeHHfl b 3a^aHHOM o6T>eMe. 

BBe^eM o6o3HaneHHe pjin Maccbi h 3apa,a;a, 3aKjnoneHHbix b cpHKcnpoBaHHOM o6T>eMe: 

D~ D~ 

HcnojiB3yfl TeopeMy OcTporpa^CKoro n nojiaraa, hto noflbiHTerpajiBHbie (pyHKnnn ^ocTa- 
tohho rjia^Kiie b jjaHHon oSjiacTH, nojiynnM: 

H 

I— r / X ■ R / . \ 1 \ <ry/ , 

X) 



Kyfed T J j H (x,t)dV(x) + k J (n(x)^—: + y/ji [n(x), j E (x,t)] S j dS( 

D- D 

= q D -E' + m D ~H' + J (j E x B' - f x D 1 ) dV{x). 

D~ 

3^ecb b flByx nepBbix cjiaraeMbix cnpaBa ctost 3HaneHnn Hanpn^KeHHOCTen b HeKOTopoii 
cpHKcnpoBaHHOH TOHKe ^aHHoii o6jiacTH (no TeopeMe JlarpaH>Ka fljia nmerpajia ot Henpe- 
pbiBHon cpyHKnnn). Ecjih p H = 0, j E = rjisi x G D , to nojiynnM aHajior BToporo 3aKOHa 
HbiOTOHa /iJia TBep^oro Tejia: 

ny/e d T J j H {x, t)dV(x) = q D -E' + m D -H' + J (f x B' - f x D') dV(x). 

D~ D~ 



Ecjih (1241) CKajiapHO yMHoacHTb Ha Hopiviajib n k noBepxHOCTH S n nponHTerpnpoBaTb 
no S , to nojiynnM 



Ky/p J (d T j E ,n(x)) dS(x) + ks 0,5 / {gradp E ,n(x)) dS(x)- 

s 

—K\/e / (j H , e(x)) cM(x) = 



J { (p E B' - p H D') + cT 1 (E 1 x j s + H'x j H ) } dS(x). 



s 



(popiviyjia onpe/rejiaeT H3MeHeHne chjim BJieKrpnnecKoro TOKa nepe3 3aflaHHyio noBepxHOCTb 
nofl B03^,encTBneM A-nojia, nopoK^aeivioro ,a,pyraMH 3apn^aMn n TOKaMH. Ee TaK>Ke moxho 
npoBepnTb SKcnepnMGHTajibHO. 
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Ilepeoe nanajio mepModunaMUKU. AHajiornaHO iijiothocth SHepriin A- nojia BBe^eM njiOT- 
hoctb SHepriiii nojia 3apa^OB-TOKOB: 

o, 5 e o e- = (kf + &f + q) + i (r, - ,/f A' - f/f) ■ (26) 

KOTopaa co^epjKHT njiOTHOCTb SHeprira tokob: 

g = 0,5||J|| 2 = 0,5(/i||j i? || 2 + 5||^|| 2 ) ! 

II -E\\ 2 

r^e nepBoe cjiaraeMoe BKJHoaaeT jjacoyjieBO Tenjio ||j || , a BTopoe - njiOTHOCTb KHHeTiiae- 

ckoh SHepriiH MaccoBbix tokob || 2 , ho He tojibko, t.k. b hhx bxo^ht h SHeprna BuxpeBOii 
nacTH tokob (iviarHHTHbix tokob) . 3^ecb TaKace BBe^eH BeKTop Pj , no,n;o6HbiH BeKTopy IIohh- 
THHra, ho fljia tokob: 

Pj = 0,5t J x J = c - 2 [j H ,j E ] 

ECJIH rpaBHMarHHTHblH H SJieKTpHHeCKHH TOKH napajIJiejIbHbl, JIhSo O^HH H3 HHX OTCyTCTByeT 

(HyjieBon), to Pj = . B o6meM cjiynae Pj ^ . 

Ymhojkhm CKajiapHO ypaBHeHne ( 1221) Ha — i J* , cjiojkhm c cooTBeTCTByioiiniM KOMnjieKCHO- 
conpajKeHHbiM h no^ejiHM Ha 2. B pe3yjibTaTe nojiyaHM 

3aKOH coxpaneHUH anepsuu moKoe -nojin: 

k (d T Q + div Pj + Re (Vp, J*)) = Im (F, J*) = (F H , J H ) + (F E , J E ) , (27) 

aHajiorHHHbiH 3aKOHy coxpaHeHna SHeprnn ,a,jia A-nojia (TeopeMa 1.1.). O^HaKO b jicboh 
aacTH noHBHJiocb TpeTbe cjiaraeivioe. HeTpyurio BH^eTb, hto stot 3aKOH noflo6eH nepBOMy 
Haaajiy TepMO^HHaMHKH. 3^ecb cyMMa BToporo h TpeTbero ajieHa cjieBa: 

U=(divPj+ y/Ifc ( Vp E , j E ) + ^fuTe ( Vp H , f) ) , 

- xapaKTepH3yiOT co6cTBeHHyio CKopocTb H3MeHeHHa hjiothocth SHeprrra tokob -nojia. 
IlpaBaa aacTb, 3aBHcamaa ot moihhocth ^eiicTByioiHHx BHeniHHx chji, mojkct yBejiHHHBaTb 

HJIH yMeHbHiaTb 3Ty CKOpOCTb. 

5. CBo6o^Hoe nojie. IlepBbiH 3a.KOH HbiOTOHa. PaccMOTpnM A-nojie b OTcyTCTBHH 
flpyrnx nojiefl. Ha30BeM TaKoe nojie ceo6odnuM. 

AHajioroM nepBoro 3aKOHa HbiOTOHa 06 HHepiniH Maccbi b OTcyTCTBHH fleficTByiOBiHx Ha 
Hee chji 3flecb, KaK cjie^yeT H3 (fT8l) , ecTecTBeHHO npHHHTb 

3clkoh unep'nuu djiH 3apsidoe-moKoe A-uojih: B OTcyTCTBHH flpyrnx nojiefi F — , T.e. 

D = (d T - iV) = 

HTO BKBHBajieHTHO paBeHCTBaM! 

d T p + divJ = 0, Vp + d T J - i rot J = 0. (28) 

HJIH flJia HCXO^HblX BejIHHHH: 

d t p E + divf = 0, d T f = ^fefprotf -cgradp E , (29) 
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d t p H + divf = 0, d T f = -y/vjerotf -cgradp H (30) 

IlepBbie paBeHCTBa - bto 3aKOHbi coxpaHemia sjieRTpiinecKoro 3apa^a h Maccbi, H3 kotopmx 
cjiejryeT, hto njiOTHOCTb Maccbi H3MeHaeTca TOJibKO nojj; jreiicTBHeM noTeHHiiajibHOH cocTaB- 
jifliomeH tokob. H3 BTopbix ypaBHeHHH cjie^yeT, hto rpa^neHTbi 3apflflOB Bbi3biBaiOT noHBjie- 
Hne cooTBeTCTByiomHx tokob, KpoMe Toro BHxpeBaa rpaBHMarHHTHafl cocTaBjifliomaH Toxa 
BjiHaeT Ha sjieKTpHnecKHH tok h Hao6opoT. 

YpaBHeHHH (l29l) - fl30l) HBJiaiOTCfl 3aMKHyToii chctcmoh ypaBHeHHH jijih onpejrejieHHH njiOT- 
HOCTen sjieKTpHHecKHx 3apflJxpB h tokob, hjiothocth Maccbi h MaccoBbix tokob A-nojiH b 
OTcyTCTBHH Jipyrnx nojien. 

Ecjih bo btopom ypaBHeHHH (1281) B3HTB ,a,HBepreHHHio hjih poTop, c yneTOM ypaBHeHHH 
fljia 3apa^,a h TOKa, to nojiynHM ojjHopo^Hbie BOJiHOBbie ypaBHeHHH: Op = 0, □ J = . Hto 
roBopHT o tom, hto b cbo6ojthom nojie 3apaflbi h tokh co BpeivieHeM pacceHBaiOTCH. B CHJiy 
BToro nepBoe Hanajio TepMOflHHaMHKH fljia CBoSojTHoro nojia HMeeT bhjj;: 

d T Q = -U, U> 0. 

hjih b HHTerpajibHOH (popivie: 

t 

/ W( ,, i )-Q(,,o))^) + /*/(P J , n) ^) + 

D~ D 

t 

+ JdtJ (p- 1 (Vp E ,f) + e- 1 (Vp H ,f) ) dV(x) = 0. 

D- 

ydapnue eojinu. CncTeMa ypaBHeHHH (l28l) rHnepGojinnecKoro Tnna. Ee xapaKTepncTHne- 
CKne KopHH - HyjiH onpejxejiHTejifl 



-A 


nil 


m 2 


m 3 


nil 


-X 


—im 3 


+im 2 


m 2 


ZTO3 


-X 


—imi 


m 3 


—ini2 


inii 


-X 



= 



onpejxejifliOT CKopocTb pacnpocTpaHeHHH yjjapHbix bojih. B jjcihhom cjiynae A12 = ±1, T.e. 
CKopocTb y^apHbix bojih 0-nojifl TaKaa >Ke, KaK h jj,jih A-nojia. ^Ba jjpyrnx kophh A3,4 = 0, 
T.e., KaK h b cjiynae ypaBHeHHH MaKCBejuia, HenojjBHHCHbie noBepxHOCTH b R 3 hbjihiotch 

XapaKTepHCTHHeCKHMH [2]. 

Ycjiobhh Ha (ppoHTax yjjapHbix bojih F t jierKO nojiynHTb, ecjin pacciviaTpHBaTb penie- 
hhh ypaBHeHHii (l28l) c pa3pbiBaMH Ha xapaKTepncTHnecKHx noBepxHOCTax KaK o6o6m;eHHbie 
penieHHH (noMeTHM hx "nianoHKOH": / ) : 

d T p + divJ= (u T [p] F + ([J] F , v))5 F {x, t) = 0, 

Vp + d T J — i rot J = {y [p] F + v T [J] F — i [u, [J] f ])5f(x, t) = 0. 
3^ecb (i/ T , V\, 1/2, Us) = (— II^H , v), HopMajibHbiH BeKTop k xapaKTepHCTHHecKoii noBepxHO- 

CTH B R 4 = \J v\ + v\ + v\ , CBH3aHHbIH C BOJIHOBbIM BeKTOpOM B R? COOTHOHieHHeM! 
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m = v/ , 8f(x, t)— CHHryjiapHaa o6o6iHeHHaa cpyHKHiia - npocTOH cjioh Ha F . Cjie^o- 
BaTejibHO, ycjiOBHa Ha (ppoHTax y/iapHbix bojih J-nojia HMeiOT cjiejryioiHHH bhjj;: 

[p] FT -([JU,rn)=0, (31) 

m[p) FT -[J] Fr -i [m,[J] Fr ] =0. (32) 

IlocKOJibKy onpeflejiHTejib btoh CHCTeMbi ypaBHeHHii paBeH Hyjiio, OHa HMeeT HeHyjieBbie pe- 
ineHHfl. IlepBoe ycjiOBHe Taxoe >Ke, KaK h jjjia ya,apHbix bojih A-nojia, CBa3biBaeT CKanoK o6t>- 

6MHOH njIOTHOCTH SJieKTpHHeCKHX 3apajJ,OB H MaCCOBOH njIOTHOCTH CO CKaHKOM npOflOJIBHOH 

cocTaBjiaiomeH tokob Ha (ppoHTe bojihbi. BTopoe ycjiOBHe ,n,aeT cb33b Me>K^y KacaTejibHbiMH 

COCTaBJiaiOIHHMH TOKOB, KOTOpaa, KaK CJie/jyeT H3 (IBTTl . He 3aBHCHT OT [p]F t ■ 

Cjie^OBaTejibHO, b otjihhhc ot ynapHbix bojih HanpajKeHHii A- nojia, KOTopbie aBJiaiOTca 
nonepeaHbiMH, y/iapHbie BOJiHbi 0-nojia, TaKOBbiMH, BOo6me roBopa, He aBJiaiOTca. Ilpn 
OTcyTCTBHH CKanKa njIOTHOCTH 3apajj,a, 3th bojihbi CTaHOBaTca nonepenHbiMH. 

6. YpaBHeHHa eflHHoro nojia h SHeprna B3anMO^;eHCTBHH. Ecjih ecTb HecKOJib- 
ko (M) B3aHMOfleHCTByronxHx nojieii, nopo»cjiaeMbix pa3JiHHHbiMH 3apa,a;aMH h TOKaMH, to 
ypaBHeHHa (1281) npHMyT bh^: 

@ k + @ k o Am = °> D + A fc + fe = 0,k = 1,...,M (33) 

m^k 

D+A m o A fc + D+A fe oA m = 0,^m. (34) 

CyMMapHoe (edunoe) nojie, b cnjiy TpeTbero 3aKOHa HbiOTOHa (|2TI) jjjih nojiefl, KaK jierKO 
BH^eTb (cyMMHpya (1331 no k), HBJiaeTca CBoGo/xHbiM, nocKOJibKy, aHajiornaHO MexaHHKe 
B3aHMOfleHCTByioHi,Hx Teji, Bee fleHCTByioHi,He CHjibi BHyTpeHHHe. HTaK HMeeM 

3qkoh edunoso ncuitt. B3aHMO,a,eHCTByiomHe nojia y^OBjieTBopaiOT aHajiory BToporo 3aKO- 
Ha HbiOTOHa fljia nojieii (l2lP . (l22l) . a jjjia cyMMapHoro 3apa/ia-TOKa BbinojiHaeTca TOJK/xecTBo: 

M 

kT) @ = D @' m = , T.e. e^HHoe nojie aBjiaeTca cboSojxhbim. 

m=l 

YpaBHeHHa cyMMapHoro nojia aBJiaiOTca cjie/xcTBHeM h jjaiOT nepBbie HHTerpajibi B3aHMO- 
;j,eHCTByiOHi,Hx nojieii. Ecjih b HanajibHbiH momcht BpeMeHH 3apajj,bi-TOKH H3BecTHbi, CHCTeMa 
(1331) - ( 1341) no3BOJiaeT onpe^ejiaTb co3,a,aBaeMbie hmh nojia h hx coBMecTHoe H3MeHeHHe bo 
BpeMeHH h npocTpaHCTBe. 

PaccMOTpHM 3aKOHbi npeo6pa30BaHHH BHeprnn nojieii npn B3aHMOJxeHCTBHH pa3JiHHHbix 
3apajj;oB-TOKOB. CorjiacHO (fT4l) , jjjia ejarmoro nojia HMeeM 

3 = 0, 5 A* o A = 0, 5 (A, A) - 0, 5 [A, A) = W + i P. (35) 

PacKpbiBaa, nojiyHHM 

N N N 

s = o, 5 Ah ° A * 1 = °> 5 Ak ° A * fc+ 

k=l 1=1 k=l 

N 

+ 0,5^A fc o A*' = ^H fc + 5H, (36) 

k^l k=l 
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5S = s ^ * kl = °> 5 ( Ak ° A *' + A'o A* fc ) . (37) 

k^l 

Ha30BeM 5S 6iiKBa,TepHH0H0M anepsuu-uMnyAbca B3anM0fleHCTBHa: = 5W + i5P . 
3^ecb 5W - BHeprna B3aHM0,n;eHCTBHa, 8P- HMnyjibc B3anM0fleiicTBHa, CBH3aHHbin c H3- 
MeHeHneM BeKTopa noftHTimra. iloMenaa CKajiapHyio h BeKTopHyio nacTb 3Toro paBeHCTBa 

COOTBeTCTByiOIHHMH HHfleKCaMH, HMeGM <5E = [SW kl + i5P M ^j . H3 3THX COOTHOHieHHH 

k^l 

cjie^yeT npeflCTaBJieHHe fljia anepsuu esauModeucmeuH: 5W = ^2 5W kl . 

k+l 

IlocKOJibKy BHeprna e^HHoro nojia W - fleficTBHTejibHaa HeoTpniraTejibHaa Bejiiiaima, 
H3 (1361) cjie^yiOT ycjiOBHa Ha BbiflejieHne hjih norjiomeHHe SHeprnn npn B3anMOfleHCTBnn 
A-nojieii: Bbi^ejieHne BHeprnn, ecjiii 8W > 0, norjiomeHHe SHeprnn, earn 5W < . Ilpn 
coxpaHeHHH 3HeprHH-HMnyjibca 53 = . 

3aKOH coxpaHeHHa SHeprnn e^HHoro nojia HMeGT bh,ii, ,iraHHbiH b TeopeMe 1.1. 

3aivieTHM, hto ypaBHeHna B3anMo;j;eHCTBHH A-nojieft coirepjKaT tojibko o^Hy yHHBepcajib- 
Hyio pa3MepHyio KOHCTaHTy k , hto no3BOJiaeT cyMMiipoBaTb Hanpa>KeHHOCTH , 3apaflbi h 
tokh h BBO^HTb e/jimoe nojie. Ilpi! nepexofle k hcxojthmm ^aHHbiM mojkho 6paTb KOHCTaH- 
tm "npoHHn,aeMOCTH M e, fx ,a,Jia Kaa^oro nojia B3aHMO^eHCTBHH pa3HbiMH, MaTeiviaTHnecKaa 
Teopna sto no3BOJiaeT. Hacrabie cjiynan A-nojien paccMOTpeHbi b [7]. 

7. 3aKjiiOHeHHe. IlpefljiojKeHHbie 3flecb ypaBHeHna B3aHMOJTeHCTBHa A-nojieii, ocHOBa- 
hm Ha rnnoTe3e o MarHHTHOM 3apajj;e-Macce, CHMMeTpHpyiomeM ypaBHeHna MaKCBejuia. 3to 
no3BOJiHJio Ha3BaTb TaKne nojia SAeKmpo-apaeuMasHumHUMU h nocTpoHTb 3aKOHbi hx npe- 
o6pa30BaHna h B3aHMO,a,eHCTBHa, bo MHoroM aHajiornaHbie 3aKOHaM HbiOTOHa ^Jia MaTepn- 
ajibHbix Teji. IlocKOJibKy KBa^paT pa3MepHOCTH A-nojia (a 2 ) - bto pa3MepHOCTb hjiothocth 
SHeprHH, ero mojkho Ha3BaTb aHepsemunecKUM. 

Ha ocHOBe sthx 3aKOHOB mojkho oGtacHHTb pafl HaSjiiojiaeMbix (pH3HnecKHx HBJieHHH. Ha- 
npniviep, xoponio H3BecTHO, hto nocToaHHbie BpanraiomHeca ajieKTpnaecKHe tokh nopoayraiOT 
cojieHOH^ajiBHbie MarHHTHbie nojia [8]. H3 npe^CTaBjieHHOH TeopHH cjie^yeT (cm. npHMepbi b 
[1]), hto aHajiorHHHO, BpamaiOHrHeca Maccbi co3^,aiOT cojieHon^ajibHbie BjieRTpnaecKHe nojia 
(hto mojkho BKcnepHMeHTajibHO npoBepHTb). 3to o6T>acHaeT, b nacTHOCTH, Hajinnne sjieK- 
TpnaecKOH och y 3eMJiH, oSycjiOBJieHHoii cojieHOH/iajibHOH cocTaBJiaioiHeH sjieKTpHnecKoro 
nojia 3eMJiH BCJie^CTBHe BpanreHHa ee Maccbi. IIojj;o6Hoe ^ojijkho Ha6jnojiaTbCH h y ^pyrnx 
njiaHeT. IlocKOJibKy 3eMjia HMeeT OTpHHaTejibHbiii ajieRTpnaecKHH 3apa,ii, to ero BpameHHe 
o6ycjiaBjiHBaeT h cojieHOH^ajiBHoe MarHHTHoe nojie 3eMjin. 

,HpyroH npniviep... CorjiacHO stoh TeopHH cjie^yeT ynnTbiBaTb, hto sjieRTpnaecKoe nojie 
CojiHii;a nopojK^aeT ajieRTpoiviacoByio cnjiy, CMenraiOHryio op6nTbi njiaHeT. HHTepecHO, hto 
b paSoTe [9] fljia onpeflejieHna CMemeHHa nepnrejiHa MepKypna, HeoSTjacHHivioro b paMKax 
KjiaccH^ecKoii TeopHH rpaBHTan,HH, b ypaBHeHna HbiOTOHa ^Jia ^Byx Teji BBe^eHa ^onojiHH- 
TejibHaa cnjia, Ha3BaHHaa aBTopaMH Kozpaeumai^ueu, KOTopaa no Bn^,y no^,o6Ha paccMOT- 
peHHon 3^,ecb sjieKTpoMaccoBoii cnjie. 

IlpeflCTaBJieHHaa Teopna ^aeT TaK»ce ypaBHeHna H3MeHeHHa sjieKTpnnecKHx tokob h 3a- 
pa^OB nofl flencTBHeM sjieKTpo-rpaBHMamHTHbix nojien n 3aKOHbi npeo6pa30BaHna SHeprnn- 
HMnyjibca, KOTopbie MoryT onncaTb, Hanpniviep, HeKOTopbie 3aKOHOMepHOCTH xnivinnecKHx 
peaKn,HH Bem,ecTB. 
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ycAoeuH na djponmax, 3anonu coxpanenusi, anepzusi 63auModeucmeuH 

Keywords: electro- gravymagnetical field, biquaternion, tension, charge-current, power-force, 
interaction equations , free field, shock waves, condition on front, conservation laws, energy 
of the interaction 

JlHTepaTypa 

1. AjieKceeBa Jl.A. O 3aMbiKaHHH ypaBHeHuii MaKCBejuia / / ^KypHaji BbiHHCjnrrejibHOH 
MaTeiviaTHKH h MaTeiviaTHHecKOH (DH3hkh. -T.43.- N 2 5.- 2003.- C. 759- 766. 

2. AjieKceeBa Jl.A. TaMiuibTOHOBa dpopivia ypaBHeHUH MaKCBejuia h ee oSoSmeHHbie pe- 
ineHHa/ / /J^ncpcpepeHirHajibHbie ypaBHemia. -T.39.-JV 2 6.-2003.- C. 769-776 

3. AjieKceeBa Jl.A. KBaTepHHOHbi raMHjibTOHOBoii dpopMbi ypaBHeHuii MaKCBejuia/ / Ma- 
TeMaraHecKHH >KypHaji. -Amia-ATa. -2003. -T.3. -JVM. -C. 20-24 

4. IIlHeepcoH M.C.O MOHoreimbix cpyHKuiiax Moiica/ /MaTeiviaTHHecKHH cSophhk T. 44(86) 
j\n.C113-122 

5. Ka3aHOBa T. BeKTopHaa ajire6pa.M.:Mnp. 1979. 120c. 

6. Kassandrov V.V.Buquaternion electroynamics and Weyl-Cartan geometry of space- 
time// Gravitation and cosmology. V.l (1995). N 2 3. Pp. 216-222 

7. AjieKceeBa Jl.A. 06 oflHoii MO^ejin sjieKTpo-rpaBHMarHHTHoro nana. YpaBHeHHa B3an- 
MOflencTBiia h 3aKOHbi coxpaHemia/ / MaTeiviaTirqecKHH 5KypHaji.-AjiMa-ATa.-2004.-T.4.-JY 2 2.- 
C. 23-34. 

8. TaMM H.E. Ochobbi Teopnn sjieRTpn^ecTBa. -M.-1989. 

9. Matos C.J., Tajmar M. Advance of Mercury Perihelion Explained by Cogravity/ 
Advanced Concepts and Studies Officer. 2003. E-mail: clovis.de. matos@esa.int 



13 



